Effects of Different Braze Materials and Composite Substrates on 
Composite/Ti Joints 


G.N. Morscher, M. Singh, R. Asthana, and T. Shpargel 

An ever increasing number of applications require robust joining technologies of 
dissimilar materials. In this study, three types of ceramic composites (C-C, C-SiC, and 
SiC-SiC) were vacuum brazed to commercially pure Ti using the Cusil-ABA (63 Ag - 
35.5 Cu - 1.75 Ti) active metal braze alloy. The study also compared composite 
specimens as-fabricated and after surface grinding/polishing. A butt-strap tensile shear 
strength test was used to evaluate the joined structures at room temperature, 270 and 500 
°C. The elevated temperatures represent possible use temperatures for some heat rejection 
type applications. Joint strength will be discussed in light of braze wetting and spreading 
properties, composite properties, and test temperature. 


31st International Cocoa Beach Conference and Exposition Advanced Ceramics and 
Composites; January 21-26, 2007; American Ceramic Society; Daytona Beach FL 
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Effect of AaAT (Estimated) on Shear Strength 

Assumes elastic behavior, CTE(Ti) = 8.6x1 0 _6 /C; CTE (C/C) = -1x10 _6 /C 
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Thermally-Induced Cracking in Composite Controls 

Shear Strength of Brazed Joints 




National Aeronautics and Space Administration 



www.nasa.gov 15 



c 

o 


C/5 

'c 

E 

■o 

< 

0 

o 

03 

Q_ 

c r> 

TD 

C 

03 

C/5 

O 

"- 4 — > 

D 

03 

C 

2 

0 

< 

0 

c 

o 



O 

o 

o 

CL 


(/) 

c 9 > 
o ^ 
o o 


■S 

-a. 

c 

o 



® c 

E o 

C N 
■” 0 
■o 

0 .Q 

0 o 
o ** 
■Z "O 

.Q 0 

0 “ 

Q. 

a) S- 

0 <S 

£ </) 

« ® 

o £ 

0 </> 

c ■? 

o jjj 

O 0 


0 

0 

</) 

■D 

c 

0 

c 


o 

'5 

c 

0 

c 

T 3 

0 

0 

0 






www.nasa.gov ie 







National Aeronautics and Space Administration 





^d 

<D 

o 

<D 


"d 

d 

o 

a 

o 


■s 


d 

N 


<d 

GO 


go 

CO 

go 

Co 

Co 




<N 

'"-H 

^3 


<D 

'd 


X 

O 

Oh 

§■ 

"d 

§ 

"d 

0) 


•1-H <L) 

SSa 
S £ 


& 


> 

o 

CD 

CD 

W 

CD 

c 

<: 

$ 

£ 



zl "d . 

^ d d 

O <D 


8 a 

S' ° 

d "O 

c« a> 


c3 


go 

Co 

go 

tb 

Co 

• !*■* 
Co 
K 

't-i 


<U 
N 
d 
u 

GO JO 

d ^ 


^3 

Sb 

*^3 


a> 

'd 


o 

cl 

§■ 

"d 

§ 

"d 

<D 


•1-H <L) 

C3 OS & 

S £ 


§■ 



National Aeronautics and Space Administration 




co 

c 

o 

CO 

o 

c 

o 

o 


o? 

i— -i— > 

o 0 

CD 

CO 0 

j: E 

r.® 

CO N 
0 CD 


0 
i_ r~ 

O t= 

(0^ 
0 U 
m Cl) 
_CD o 

Q.C 

CD 

l- £ 

N °- 

CD ’ 
lI 0 

_Q 0 

0 -° 
_Q 0 

T) £ 

^ 05 

o c 

° '~o 
(f ) ^ 

a | 

CO Q_ 

§.< 

E£ 

o< 

O _L 

o‘§ 

oo 


0 

i_ 

0 


0 -£± 
S- o 

3 c 

0 0 

0 to 

L-i_ 

E.2 
0 o 

H— » > 
0)0) 
c ^ 

00 
0 -b 
o c 
o o 

|S 

T3 

C O 

0 Q 

C>£ 

O 0 

o 0 
-b D) 

cl 

T3 0 
0 

0 2: 

o. CD 

t0 'E' 

•»-«5 

ojn 
c 0 

"O "O 

C 0 

o o 

_Q O 
s-TO 
0 C 

CO 0 

0 E 

0 © 


i 

0 

L- 

Eg 

0 c 
O..E 
c o 

Is. 

Q)“ 

.E c 

c/)'o 
0 -=i> 

CP "O 


0 

0 


■O 

0 

■D 

C 


o 


0 


2 N 
Q_ CD 

©■“ C 


£ 

O 


0 0 

£ E 


M— O 
OO0 

0 CO 0 

-D ^0 
0 Q O 

NvI 0 

EO-o 

-Q -0 C 

= != O 

CO CD CQ 

-O 0 CO 

E 2 2 

E-ob 

‘t.E -- 

^ -O "O 

B-0 © 

g§i 


o-g 
0 0 

m 0 

0 i_ 

^ °- 

t «> 

(D = 

0-C 
O O 
0 'P 

■°| 

0 <g 

»§ 

s- 0 


0 


0 


O 0 C 
w ^ 0 
"P 0 0 
o-g5 

55 

O -Q 


00 

CO 


0 

C 


o 


0 0 

■o £ 

0 = 

E ro 

£° 

g^ 

^0 

Ed 

o 0 

0 c 

§J 

<g 

1 SO 

s go 

O 0.5 


0 J= 
® ® 

rajs 

C ±3 

0 C 

-2-o 
0 0) 

S| 

oIO 

0 O 

y-o 

o © 

>5 

° c 
CM .E 

T— 0 

■-58 

§•- 
TD 0 
C JZ 
O * J 

o o 

S_ 

0-0 
-C 0 


0 


.o >, 

s_ "D 

©3 

gw 
2 0 


d- 


o 

c 


0£ O 


CO 

O 

o° 

C 
0 


E 

0 

-o£ 

0 © 

0 -*-* 

0 <- 


0 


D) 

C 

0 

L_ 

-t- 

0 


O 

L_ 
•I— > 
0 


0 

O 


0 

s_ 

O 

o 

o 

0 

>. 

0 


0 


o 

o 


g >0 

-b 0 
0 ^ 

ts 0 
.E c 
o'F © 
— «E 0 

Jr 0 -ti 
0 — 0 
-C 0 o 

D)-^ Q_ 

E 

■O 0) o 
03 0 

f; © © 
0 0 _0 

0 =3 ^ 

■ - 0 0 

o 0 0 

2 0 -C 

O..Q 

E ^ c 

0 0 

°-2- c 
0 +-• 

E 

--00 
O 0 0 


5 0 

5 0 
0 0 
3 0 

CD 

c 


c 


0 

c 

^.2 
0 ^ 


0 


c 

0 


o 

d 


.7; E 0 


©.E 
' 0 
0 O 

E'cd 

0 LL 

o . 

LJ--E 

Oo 
O -b, 

-P "O 

Q_ 0 


0 


N 

0 


> 

o 

CD 

03 

CO 

03 

c 


CO Q- CD I— -Q 


whether or not the Ti tube was brazed to a curved Poco surface to 
maximize bond area or a flat Poco surface to maximize stress in the 
joint. 


